Biodiesel is an alternative, decomposable and biological-processed fuel that has similar characteristics with mineral diesel which can be used directly into diesel engines. However, biodiesel has its drawbacks which are more density and viscosity compared to mineral diesel. Alcohol additives implementation such as ethanol could reduce significantly the density and viscosity of the biodiesel. In this study, biodiesel (20%)-ethanol (5%)-diesel (75%), biodiesel (20%)-methanol (10%)-diesel (70%), biodiesel (20%)-ethanol (15%)-diesel (65%), biodiesel (20%)-ethanol (20%)-diesel (60%) and standard mineral diesel as a baseline fuel are tested in a Mitsubishi 4D68 diesel engine. Those test fuels are investigated under the same operating conditions at three different engine loads; 20%, 40% and 60% at a constant engine speed of 2500 rpm to determine the engine performance, combustion and emission of the diesel engine. Overall, biodiesel-ethanol-diesel blends show higher brake specific fuel consumption than mineral diesel especially at higher ethanol concentration. As ethanol proportions in blends increase, CO emissions increase, while NO emissions are reduced. Also, biodiesel-ethanol blend with 5% ethanol is more effective than other biodiesel-ethanol blends for reducing CO emissions and improve the combustion.
Introduction
Biodiesel is similar to mineral diesel that originated from edible and non-edible oils, animal fats and reprocessed waste cooking oils. It is biodegradable, environmental-friendly and organic fuel that comprised mono-alkyl esters with long chain fatty acids [1] . The biodiesel fuel was characterized by determining its density, viscosity, high heating value, cetane index, cloud and pour points, characteristics of distillation, and flash and combustion points according to ISO norms [2] . Biodiesel can be used directly into diesel engines without any engine modification [3] . However, biodiesel has its drawbacks that mostly related to higher density and viscosity [4] . Higher density and viscosity of the biodiesel can be simply reduced using alcohol additives such as ethanol and methanol [5] . The selection of alcohol as a fuel additive in the biodiesel-diesel blends is to improve the miscibility of the biodiesel and diesel fuels [6] . Higher oxygenated fuels combusted in the engines mean that more complete combustion could be achieved [7] .
Numbers of previous experimental investigation on the use of alcohol additives include ethanol in the biodiesel blend are relatively low and more research needs to be done in order to identify the potential behaviour of compression ignition engines operating with the biodieselethanol-diesel blend fuels. Nadir [8] investigated the performance and combustion characteristics of biodiesel-ethanol-diesel and biodiesel-methanol-diesel blends on a Kubota diesel generator under five different engine loads. Methanol and ethanol were added to biodiesel and diesel as additives with volume concentrations of 10% and 20% (BDM10, BED 10, BDM 20 and BED 20). Overall results show that biodiesel-alcohol-diesel blends show higher brake specific fuel consumption (bsfc) as compared to diesel. As alcohol concentrations in the blend fuels increase, CO and HC emissions increase, while NO emissions decrease. To the most interesting part in this study is methanol blends are more effective to reduce the CO and HC emissions, while ethanol blends tends to reduce NOx emissions than methanol blends.
In summary of the literature review based on the study of biodiesel-ethanol-diesel blends, some studies found a significant decrease in CO emissions, other studies show no significant change in CO emissions [9] . Inconsistent results in NOx emission also found for the previous studies. Most results study indicated a significant change with an increase in NOx emissions for biodiesel-ethanol-diesel blends when operated with the used diesel engines while in an isolated study found a reduction in NOx emissions when operated with new engines [10] . In this experimental study, biodiesel-ethanol-diesel blends were tested in the same diesel engine under the same operating condition. Those finding results were compared to mineral diesel as for the baseline. Biodiesel-ethanol-diesel blends were prepared with 20:5:75, 20:10:70 and 20:15:65 ratios (B20 E5, B20 E10 and B20 E15). Brake power, brake specific fuel consumption (bsfc), exhaust temperatures, CO, CO 2 and NOx emissions were compared based on the fuel type and mixing ratio.
Experiment Setup
The experimental work was conducted on a four-cylinder, 4-cycle, indirect injection (IDI), water-cooled Mitsubishi 4D68 diesel engine that coupled to a 150 kW eddy-current type watercooled Dynalec dynamometer model ECB-200F for the engine loading. A Kistler 6041A watercooled ThermoComp in-cylinder pressure transducer was attached to the first cylinder of four cylinders and wired to a Kistler Model 1929A1 cable to the charge module, DAQP-Charge B for the digital signal conversion. A Kistler CAM crank angle encoder type 2613B1 was mounted in alignment to the pulley of the crank shaft at the side of the engine and connected to a signal conditioner (model 2613B2) for top dead centre (TDC) and bottom dead centre (BDC) positions corresponding to the differential cylinder pressures. Both pressure transducer and crank angle encoder were recorded through a Dewetron data acquisition (DAQ) system installed in a Windows XP based PC, DEW-5000 combustion analyser. 19 K-type thermocouples were used to measure the temperatures of the engine include all the exhaust manifolds. Those temperatures were monitored and recorded by a Dewetron DAQ system installed on a DEWE-800, Windows XP based PC. Table 1 describes the details of the engine. A Kane gas analyzer was used to measure the engine exhaust emission with the exhaust gas is sampled at 50 cm downstream of the exhaust extractor. The emission parameters measured include carbon dioxide (CO 2 ), carbon monoxide (CO), nitrogen monoxide (NO) and nitrogen oxides (NOx). Figure 1 shows the schematic diagram of the test engine used in this study. In this study, biodiesel blend, B20, B20 E5 biodiesel (20%)-ethanol (5%)-diesel (75%), B20 E10 biodiesel (20%)-methanol (10%)-diesel (70%), B20 E15 biodiesel (20%)-ethanol (15%)-diesel (65%), B20 E20 biodiesel (20%)-ethanol (20%)-diesel (60%) and mineral diesel as a baseline fuel were prepared for the engine testing. Biodiesel was originated from palm oil and have been transesterified into palm methyl ester (PME) or palm biodiesel. The process followed ASTM D6751 guidelines and the biodiesel fuel met the standard specification. Biodiesel fuel and ethanol were purchased from the local supplier while mineral diesel was purchased from the local petrol station. Table 2 summarizes the detail properties of the test fuels. The engine was controlled by a Dynalec control to increase and decrease the engine speed. It was operated by naturally aspirated and the fuel temperature kept constant at 30°C.
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Results and Discussion
A series of tests were conducted to investigate the influence of biodiesel-ethanol-diesel blends in a multi-cylinder diesel engine at constant engine speed and three engine loads. Since there are more experimental investigations on the use of ethanol as an additive in biodiesel blends, their findings are compared and discussed literally as the contradictory results in CO and NOx emissions 
Figure 2: Brake specific fuel consumption (bsfc) for diesel engine running with biodieselethanol-diesel blends
Figure 3: Exhaust temperature variations for diesel engine running with with biodiesel-ethanol-diesel blends
Biodiesel-ethanol-diesel blends produce higher brake specific fuel consumption (bsfc) as compared to B20 and mineral diesel as shown in Figure 2 . As the ethanol concentrations increase the bsfc for the engine proportionately increases. Overall the mineral diesel has the lowest bsfc compared to other test fuels. This clearly defines that the biodiesel-ethanol-diesel blends consume more fuel per energy extracted as load decreases, then resulted more fuel carry-over or unburned fuel. As expected for all cases, exhaust gas temperatures increase corresponding to the engine loads. Figure 3 illustrates the variation of exhaust gas temperature for the test fuels; biodiesel-ethanoldiesel blends, B20 and mineral diesel. Results show that there is no significant difference between the results, however biodiesel-ethanol-diesel blends produce a slight increase in exhaust temperatures compared to other fuels that influenced by the shortened combustion duration of biodiesel-ethanol-diesel blends themselves. 4th Mechanical and Manufacturing Engineering concentration in the biodiesel blends. This would be that the lower ethanol concentration has increases the oxygen content of the fuel mixture that enhances the combustion with higher combustion temperature. As higher ethanol concentration in the biodiesel blends, the cooling effect of the ethanol becomes more dominant which produces lower combustion temperature and a significant reduction in NOx emissions. Figure 5 shows CO emissions of the test fuels corresponding to the engine loads. It is clearly shows that CO emissions increase proportionately to the increase in ethanol concentrations. This could be influenced by the lower Cetane number of alcohol fuels that increase the ignition delay and producing incomplete combustion. As a result more CO emissions are produced from this condition. Most biodiesel-ethanol-diesel blends produced lower CO emissions as compared to mineral diesel. However, higher concentrations of ethanol in biodiesel blends produce higher CO emissions than the lower concentration. This would be due to the content of the ethanol which could improve the combustion and lower CO emission when mixing with smaller ethanol concentrations, but could lead to the gas temperature reduction. It can be concluded that the change of CO emissions are greatly influenced by the fuel blend ratios and engine operating conditions.
Conclusions
It can be concluded from the study that the brake specific fuel consumption of biodieselethanol-diesel blends is higher when being compared to mineral diesel with higher ethanol concentrations have higher bsfc compared to lower ethanol concentrations. There is no significant change in exhaust gas temperatures for biodiesel-ethanol-diesel blends. Higher ethanol concentrations decrease NOx emissions while slight increasing in CO emissions. Biodiesel-ethanoldiesel blends substantially reduced the NOx emissions when using higher ethanol concentration but increasing in CO emissions. Overall, emissions strongly depend on ethanol blend ratios and engine operating conditions, which may produce favourable and contradict effects overall due to the oxygen content and the cooling effects of ethanol.
